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B AL i. IS.T I C R EXS EAR C H L AB OR AT OR I ; S

sIEMOkNDW4 BMPORT NO. 94I4

LZernov!/ILi.berman/SKronman/s.b
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AN EXPLORATORY STUDY OF THE INITIAZON OF ST=L--S~EI DE

.COMPOSITION "B" BY SHAPED CHARGE JETS (U)

- ~ABSTRACT~

A preliminary study of -the initiation by shaped charge jets of Comp

"B" charges protected oy various thicknesses of steel cove-plates Las

been carried out. 1"Ue aim was to determine the variables in the experi-

ment which are likely to have a significant effect. High speed photo-

graphic techniques were used to a&certain C talls of the initiation

process.

The effects of length of explosive charge, thickness of covexplate

and various types of explosive confinement were a.nplored. Both M9Al and

lO•sn charges were used as the source of the Jet in these experiments.

Several *pothnses regarding the nature of the mechx1sTm nf the

initiation prodess are proposed as a basis for add4 tionaJ. studi-ls.
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IlI•ODUCTION

The initiation of high explo!ýives by high velocity fragents is an
important consideration in asarssinr vulnerability of warheads cc~ntaining

high explosive. The Jet from a shaped charge constitutez a rather

specialized form of high velocity fr;5gments, .ho.ýse ability to initiate

high -plosive has intrinsic interest even though the specifications of

the detailed fragment characteristics are more nebulous than would be

desirable for an expe.'.ment with single fragnents. The fraguent velocity

which can be achieved with shaped charges is, however, considerably greater

than that obtainable with other available techniques.

From simple considerations one would "xpect that explosive con-,
finement and protective coverplate thickness would be important variables.

It was anticipated tha-L other important variables might become apparent

in the course of the experiment. Explosive length turned out to be such

a variable.

CHARACERISETICS OF TOE SHAPED CHARGE MJS. USED

The Jets used in these experiments were obtained from two types of
shaped charges: the M9AJ. Daa-ge (nominal) as shown in Figure 1, and the

05mm charge as sliown in Figure 2. The cones in both cases were made of

coVer. The appearance of the jets from thnse chs-ges are shown in Figures

Sand 4. Computed velocities of the tip of the Jet at the interface of

Jet and steel target as a functioii of tht depth of penetra+,4  P a- :V.

in Figures 5 and 6.

The MgAl size was used mainly for the high speed phioto Aphic cs-er-
vations, although quite a few wure *".d in carrying out the parallel 6.tudies

of the effects of confinement, charge ler-gt and charge dian'ter. The

105mm size (apjkýoximately tUice the diameter of the M9AI) was used fo.- the
study of the effects oW orf'inemenL and eharge lengtn.

I)
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EXIRýMAL PIRCC-D1WS

The general experimental procedure consisted of firing a shaped

charge Jet through a protective steel joverplate into a piece of high

explosive fastened to the rear of the coverplate.

1. Explosive Charge Preparaticn

Explo,;. e charges. of Ccuposition "B" -ere cast in cylindrical

form. Charges of both 1-1/2" and 3" diameters were prepared. Charge

lengths were varied from I" to 1.5" and were made up of increments varying

in length from 1" to 6". There appears to be no evidence in all of the

experiments that a single homogeneous cylinder of high explosive behaves

appreciably differently from a similar -ylrdo*r made up of increments.

Long incremental charges are likely to be more nearly homeneoua in

composition than long single-piece charges because of the increaseiL proba-

bility of segregation in the one-piece charge.

2. Protective Zoverplate

For the experiments with 105= charges, the .overplate thickneos

varied from O" to 12" of 1020 mild steel.' The coverplate thickness was

increased in •" increments by st-.cking 6" x 6" x rW steel blocks.

The 105m shaped charge was fired at a standoff of 7-1/V" from the

outer coverplate aurface, as shown in Figure 'f. The explosive charge

was held in physical contact with the inner coverplate surface.

The experiments with the M9AI charge were carried c*t with

coverplate of 020 mild steel varying from O" to 3• in thickness. I
3. Confinement of Explosive Charge

in a separate phase o, the experimenr,. she exrplosive charge was
cotfined by a second plate on the opposite side of the charge, as Sktcwn
in Figure 8.

An additional experiment with the lO5mm chage vas carried out with

the 3" diameter explosive charge encased in a steel body having a 3/&'
.aLU zhickines,'. It vas also confined at the open end as in Figure 8.

6
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For the M9Al charge, The 1-1/2" d-iameter explocive cylinders were

encased in 1/8" steel tubing for the coWfinement experiments.* The end

coverplate ("of 1020 mild-a9teel) was also used'.

4i. Phottographic Observation

In order to locate the point of initiation within the explosive

charge as The coverplate thickness was increased an ultri high apeed

framing camera was used to observe the location of the emerging detonation

wavc. From this observation one can approximate -the interior point of

initiation.

In addiition, one co uld observe~ the behavior of those exploaive charges

whic.h failrd io be initiated ii~xediately. In many of the3', c~bservations,

the luminosity of the air shock from the detonating explosive provided

the necessary lighting. In some instances, backlighting wes provided by an

argon bomb.

MWIMM1~AL =AA

The observations made with the 105msa shaped charges are ren'orded in

Tables I, II, add III.

Table I givee the results for 5"diameter cylinders of explosive

(Comp "B)vih lengths va~rying from 1" to 15" and coverplate thicknesses

varying from 0" to 12" of 1020 mild steel. In this phase, no confinement

was used. Figure 7 show's the experimeital set-uxD.

Similarly, lAb les II and III give data for the tv-.; pnases' ZO-

coiafinement.

7,
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PERCE11AGE 0OF HIGH ORDER 11iITIATIO1'S OBTALUFD WITH VARIOUS LENGTHS. (L'
OF 3" DIAMETERl~a COMP "B" CYLIIS 1I~.)WHICH A 105,WV4 SHAPED CHC.GE .TEPT
WAS FIRED THROUGH VARIOUS THIW -3SEr; XJ STEEL CONW.PLATE (t) W1VRrwxT

END CC, lF.4NW

Explosive
Cove Tt-agth -

p~ae~ in 1 3 69 1
Thickness inches
it in inches

(5.)
0 100% ____ ___ ____

(5)
3 20% _ _ _

(5) (4i)
6 0% 100%11

(5) (5) (5)
9 20% 609& 80%

(5) (5) (5) (5) (i
is- 20% 40O% 60% 80% 100%

In thstable and. subsequ ant tables tenumber inparenthesis repre-

sents the number of tri als with the particular charge length and cover-

plate thickness.

In the absence or photographic observations, high order initiation

is recorded if' there is a dent in the coverplate (or czonfining p1 
-

adjacent to the caarge as shown ini Figures 9 and 10. These suow the

observed variaetions in the dent on the~ steel coverplate which ware record1ed

as high order initiation. In the 1i9A experiments photographic obser-

vations also vere made which are consistent vita %he dent criterion f~or

high order initiation.

8

CONFIENTIAL



*' CONFIDENTIAL

J
qI

TABLE II

PERCENTAGE OF HIGH ORDE INITIATIONS OBTAINED WITH VARIOUS LENGTHS (L)
OF 3" DIAMEM.R COMPOSITION "B" CYLINIERS INTO WHICI! A 105MM SHAPED CHAF0 JET

WAS FLIED THROUGH VARIOU3 THICKNESSES OF STEEL COVEPLATE (t) WITH
3" 1020 MELD ST: LrD CONFINEM0T

Cover Exlosive.1
plate nh 3 6 12
tie hL '(in inche)

(in _inches -. _ ..

~0 100%j
• " "5) (5)

S..,60% 100%
(29) (5) (5) %(5 (5)

61'i$ 100% 100% 100% 100%

(5) (5) (5) (5) (5)
•~~~5 ,5 to,,.,• ,.,

_ _I__ _ _ I

9
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TAB=Z III

PERCTAGE OF HIGH ORDER LNITIA-n=ONS OBTAINED WM-H VARIOUS LENGTXS (L)
OF CASED 3U DIAMETER COMP "B" CYLIfER. NTO WHICH A 105MM SHAPED CHARGE JET, WAS PIRED THROUGH VARIOUS THIMMSE--S GF ST-FI.L COVEPJ/kE (t) WIT 3" 1•02

MILD STEEL END cownmwi, CASM-1G. L.EEL, , ,WAI•, TE•.r2=_3

Cove xptlosive

Thickness L in Inches 1 3 6 9 12 15
t in inches . T5-)

3 100%

(5) (5)9 ' o% aoo%

12 0% 20% 80% &4I . .

10
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The M9AI experimental rea•6ts are co1J.lct-d in Table'ý IV. V, ".I,

and VII. Table IV shovs ti,.c results (on unconfined exp!.iv•-) whicb were

observed photographically..4d[
TABIE IV'

PERCENAGE OF HIGH ORI INITIATIONS OBTAINED WITH VARIOU5 IE2.GT• (L)

OF 1.5" DIAMEER COle "B" CYLINDMS INTO W-ICH AN M9A1 Z-HAPED CHARGE J='
WAS FIRED THROUGH VARIOUS TRICKNESSES OF 1020 V-71M STEEL COVERPLATE (t).

OBSERVATIONS WERE MADE WITH THE ULTRA HIGH &MEED FRA•,NG CAIERA.

Cover E v 1
plate 1 2 3
Thicknes2

n inche ches
(5)

1/16 100%

(5)(5
1/2 100%

(5)•-••

1 1100%

(5) (5)

2 20% 100%
-" (%5) (2) •"

Li.
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T.-Lai V

PERCEENTAGE OF HIGH CRUM2 IITITIA2I0NS OMYAI1MD WITH VARIOUS LE1MCHS (L)
OF 1.5" DIA1(EI COMP "B cmmm~Es =~o WHICH AN m9A2. szAmE CHAGE iEn

A ~~WAS FUME TEROtG! A 3" TICME3S 0O, 1020 kýULD STEL COVERI'ATE (t)
WITH r" 1020 WILD SZLEND CON IN10?0N.

FHOT'O(APC OBSERVATIONS WERE HMAD ON THE 2" LMGT11 OF CHARGE.

0 Explosi,;e Length %of High
L in Inches - Order Initiation

(8)
-2 87%

(3.)
*1 67%

(10)

(10)

(5)
8 ~40%

(5)
10 2-

*5 'rounds only vere photographica.l11y otserved. Theac rounds
had 1" end conifinement plates (1020 mild, steel) in pJiace of
the 3r plate normally used.

12
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TADLE VT

I ̀ZCENTAGIL OF HIGH ORDER INITIATIONS OBTA7LNED WITH VARIOTIZ LPNGTI- (L)
cw 1.5~" DIAM~ER COM' "B" CYLINDT.MS E.NCASED IN A 1/&' S-L'ZZ. flor'Y

I'TO WhICH AN M9AI SHAPEJ CHARlGE, aý'.T WAS mf7L 0 11~X A 3" THICEESS
1020 NULD STEEL COVERPIL/T (t) WITH 3"1020 MILD STE=L END COIN IMMM

vExpl.osive Lrengt~b I b of Hjigh
L in iniches Oi~der 1;,Utiatioas

(5)
2 1100%

(5)
100%

(5)

10. 100%,

TABLE VII

PERCNTAGE OF HIGH ORDER INITIATIONS OBTAIND WITH VARIOUS LENGTILA (L)
OF 3" DIAMETER COMPOSITION B CYLINDERS INTO WHICH AN M9ýA1 SHAPED CHARGE JT7

A ~~~WAS FIRED 'T!OUGH A 3" THICKNTESS OF 1020 MILD STEEL COEP-T (t) WITH 3"
1020 MILD STEEL END COTIFINM71NT.

Explosive Length % of High
L in inches I Order Initiations

5 J87%
* -~ (10)

8 J60%

CON71DENTLAL
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ANALYSI3 OF iWBSULTS

A. M9AI Charges - Photographic Cb!,ervations

The Beckman & Whitley ultra, high speed framing camera was used tc.

st•dy the initiation of the hiigi e-plosivc, with the M9Al copper cone
being fired into 1-1/2" diameter cylinders of Uz"p "B".

These re°•lts will be considered first since they will suggest a
bisis for analyzing the 105=a data, which were obtained without photcgraphic

observations. Table IV shows the conditions studied.

The initiation of an uncovered Comp "B" cylinder 1" long is shonm

in Figure 11. The Jet is seen striking the left face of the target.
Initiation Is seen to occur very near the surface of the Co~p B, on the
basis of the shape of the emerging side air bhock. The detonaw icn propa-
gates to the right. The shape of the detonation wave is approximately
spherical as can be seen from the shape of the air shock emerging from

the right face of the explosive.

The initiation through a l/lb" coverplate is quite similar in
appearance, as is shown in Figure 12.

When the coverplate is 1/2" thick, we see in Figure 13 evidence o:
initiation about 1/2" deep in the explosive (see frames 6 and 7).

For a 1" steel coverplate and a 1 long explosive cylinder, shown

in Figure I4, the point of initiation is ,judged to be about 3/4" from
the steel-= Tplcsive Interface. There is evidence of aymaetr, -_ ttip

emerging sidt air shock which suggests that the initiation was not ;iLonug
the axis of the cylinder but rather nearer the side surface f_-ing t3he

camera. (se- frame 2). The peculiar behavlor of the detonation proceeding
backward is noteworthy, since it appears to indicate an errae ". develbp-

ment of the backward wave front.

A 2" steel coverplate on a 1" long explosiye cylinder gives t•,d
results 3h,Twn in Fi,-e 15. Here it is clear that initiation i. oc-
curring aasy=.etrically and originates very near the free face of the ex-

plosive. (&.ie frame 3). Again the erratic development of the backward

CONFIDENTIAL
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going detonation wave is seen (in frames 5, & 7)'. 'There is evexL

evidence fcr a Mach interaction between two different portions of the ,

backward moving detonation ware (see frames b anft 9).

With 2" of zoverplate a;.nd 1" of Cump B, failures to initiate high

ord..r %are observed 4 times out of 5. Figtu•c lo shows the photograph of

such a fa' 'ire t3 initiate. It should bc pointed out. that it is ex-

tremely rare that any unconsumed high explosive is recovered, so that

even though high oraer initiation does not occur, the explosive is

burned. So far no photographic evidence hau been obtained of either the

deflagration or the low, order detonation which is presumed to be responsible

for the consum)ption of the high explosive.

Initiation of a 2" length of Comp "B" through 2" of steel coverplate

is seen in Figure 17. Here again, initiation i3 seen tc. occur asym-

metrically. The point of initiation is estimated from frame. I to be about

1/4" into the 2ad cyli:.ider. The erratic backward going detonation is again

seen in frames 2, 3 Lnd 4.

Failure to initiate a 2" length of charge through a 3" coverplate

is shown in Figure 18.

These results appear to indicate a progressive movement of the point

of initiation deeper into the high explobive as the co"rplate thickness

is increased.

The M9Al experimental data with end confined ep.losiv- -'

are given in Table V, have already been described as erratic. v. was

thought that high speed photography might indicate sLne reason for this

behavior.

Figure 19 shows the initiation of a 2" length of ex4-vsive sandwicherI

between a 3" steel coerplate and I I" steel end-ccrifininc plLt!. The

initiation is Ulearly occurring at the far interface, w4hich is 1ei,.',

struck 1,y the jet after it pierces the front c,verplate rd, the explovi'e

itself. The development of the backward moving detonation is accompanied

by a raiter unusual display of illumination which z'ay indicate low ord.er

i 7 15
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J1etonation in 's-he portion of the explos~ve which bas already been travtrsed

by the Jet.

It is suggested that the unexpec ed peak in the percentage of' bih4

or,ýer initiation for the short leniths of Comp "B" with end ccnftne~enit

may be due to the fact that the ?i9Al jets showed (see radiograph in P.1.gure

3) hook..; o.nd a curved portion on the front which, by providing a larger

impact'area on the second or confining plate, would be likely.yto incr~ease

the probability of initiation at the back plate. This effect ±'urtbeniore

would be more pronounced f or +.he thinner coverplates, which vou~d not

wipe off the entire hook',during penetration as much as would a 'thick

coverplate. This hypcthesis should be tested in further 'investigations.,

Pertinent data trom experimetst with 1/8" steel. cased Comp Bl chirrSes

(Table VI), increased C.4ameter (3") Camp B charges (Table VII), no con-

finement (Table IV) and end confintmeent (Table V) wre sw~arized in Table

VIII below to indicr-te tbe trend toward highier intiation probability with

cot flnement and. wich increasing diameter.

TAKE VITI

COVERetk1M 3 TRICK PM ALL BMOT

Uinconfined Confined
Conditions 1-1/2" Dia. 1/8" S~teel Case End.

ih-1/2" Dia.

1- Length
Corp B e,%6-

End Confined Only

1- 1/2" Dia. 3"Dia.

5" L.entgth 10% 87%
Coup B

8- Length 4 60%
Coup B

16
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B. 103-~m Experiments

1. Unconfined Charges ol Camp "B" inl Contact with the Cov.er 2.Zate.

It is evident from ToZ.;*-- I ihat for a given explosive 2orngch, as

the protective coverpL)te th~ickness increases, the pro~bability of high

order initiation decreases. Furthermore, for a given coverplate thick-

Liesu as lh'3 explosive length increases, the probability of hi~gh order

initiation increases. Tins the results suggest a series of relationships

show'n schematically in Figures 20, 21 and 22. Ftgure 20 shows the

parameters, IL and Ldefined as follows:

For a given thickness of covtrplate,

L, is the explosive length such that no Aiho~er inii.iations will

occur if the char&, is or less in length,

L2is the explosi-'e length such that'100% high order initiation will

occur if the ezplosive is L2 or more in length. The suggested .relationships

'between percentages f high order initiations and the explc.ive and

coverplate parsmetei d are schematically represented in Figures 21 an~i 22.

2. End Confined ar'¶ Fully Confined Charges of Cconp "B".

The results shown in Table II when compared with those in Table I

indicate that end confinement generally increases the probability of high L
order initiation over that observed with unconfined charges. The results
shownu in Table III also suggest anl inc.reased probability of ii~>t

for ý:aaad c~i~rges uver that for unconfined charges. F''- the Q",

9".coverpiate thicknesses the observed resultz for the i-norter e'xvlosive

targets are suzimiaised below in Table IX.

17
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TABLE IX

% OF HIGH ORDER NITIATIONS OBSERVED UtJN- VARIOUS CONDITIONS OF CONFINEMET

Conditions Unconfined End Confined Fully C,.lnfined

5' Coverplate 20% 60% OC%
1" Explosive

6" Coverplat 0%14 20%

1" Explosive

9" Coverplate a0% 80% 100%
3" Explosive

It should be pointed out that with the small sample 3izes to which

an exploratory investigation is necescaeily limited, the statistical j
analysis is somewhat inconclusive and that in those portions 6: the experi-

ment involving thick covvrplates and long explosive charges the dUta do

not support the conclusion that confinement increases the probability of

initiation.

CONNENTS ON THE INITIATION 14ECHANISM

It is generally agreed that one of the important initiating mecha-

nisms is likely to be the 3h~ck wave. in the explosive caused by the impact

of the Jet.

Increased coverplate thickness reduces the emergivg jet velocity

and hence decreases the shock wave amplitude. This would be expected to

reduce the probability of initiation. The observation requirin- f,.!;..

analysis is the apparent shifting of the point of initalati•.. d-ivpr n inoo

the high explosive as the coverplat$, thickness Is increased. It vould

be useful in exploring this phenomennn further, to use Jets whose tip

velocity was controllable. A large number o. photographic ouservations
of the point of initiation for various conditions would also be hel7yul.

An hypothesis which suggests itself is that of a uniform distribu

of initiation nuclei (e.g. air bubbles) in the, bigh explosive. Since

reduced shock wave amplitude reduces the peobability of initiation at
any nucleus., the slower jet would have to travel farther on the average

l8
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before it would initiate the ex~l..piuive wa, ;:nm of the nuLclei. We would

then expect a distribution. of' initiation locations whose nature would. be

determined by the rapidity; wi: '% which the initiation probabilitZ, "'or a

single nucleus falls with. :eduction in shock amplitude.

The nature of the relation between shock amplitude anti single nuciLeus

LAtiation probability could also caccoiumt for the very great dispersion

in the data for thick targets and long explosive charges.

An extensLi.. of this~ simple hypothesiS would presuppose a uniform

spatial distribution of initiation nuclei which also were vari~able In

their threshold of sensitivity (e.g. air uugbblea of varrying dimensions).

Onei would then have to study thf- probability of encountering an initi-

ation nucl,!us capable of being initiated by a shock preartxire vhich was

decreasing as th-, depth of penetration of 'the jet into the explosive in-

creased.

Explosive charge confinement and increased explosive diameter would

be expected to result in an increased probability of earlier initiation
since the returning boundary reflected rarei' action wave, which reduces

the shock amplitude is longer delayed and hence the shock pressur-e stays

bigher longer.

- The possibility of other initiation mechanisms should not be ignoree.
expecially for the slow jets moving into long explosive charge-. A

direct thermal transfer mechanisp~ may be worth studying.

SU?4AR AND CONCLLMIONS

The signiricant, variables in an experriment designed for the study
of initiation of high excplosiv-B by shaped charge jets appear to be the

following:

1. Thickness of coverplate.

1. Length of the explosive charge.

'.Type _±Ld degree of confinement of the explosivw charge.

19
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-....... Suggested empirical relationsUlps "etwen the initiation probability

and the important variables are outlined in Figures 20, 21 and 22 on the

basis of the trends seen' in the ;-esent data.

If one disregards the s:.•ttered data for thick coverpllkte and long

explosive charges, conclusions may be drawn about the relation between

le•+th of the explosive charge and thickness of the coverplate. It appears

from the remaining data that in the regions where the transition between

0% and 100% initiations occur, coverplate thicknesa for a fixed charge

length decreases the initietion probability. Furthermore, for a fixed

coverplate thickness, increased length of exnlosive charge increases the

probability of initiation.

The effects of confinement are less clearij seen but tb-. trend appears

to be toward increazed probability of initiation with increased con-

"finement.

L. ZERNOW

I. LIERAN

Z. KROIM•N
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FIG. 3. Radiograph of let from an' M9AI Charge
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FIG. 9. Inavression Int.o Steel Plate from Initiatcd 'omposition B Charge lIndicating

High Order Initiation.
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FIG. 11. Initiation of a I" Long Cornpusation B Charge (Iff Cover Plate) b; anMN9A
Shaped Charge Jet.
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FIG. 12. Initiation of P, Long Cornpcsitian B Charge (W/ i, 1.6" Cover Plate) by an
M9A1 Shaped Charge Jet.
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FIG. 13. -,it iaino "Iong Composition B Charge tW /1/i Cover Plate) by ai

M9A Shaped Charge let.
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FG niation of a " Long CompOcsfon 13 Charge (W/ZI Cover plat,) by• ar i
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Fir,. V. to anitiate a I. Learf Comnposition B Charge 'W/(V Cover P late) by

an a AI Shaped Charge Jet.
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FIG. 17, inithatlon of a 2" Long C~omposition B Charge (WIZ" Cover Plate) by' en

I •,tM9AI Shaped• Charge Jet.
737

• .' CONFIDENTIAL

. , ..

2. . \ - ' -I - ~ " . .



CONFIDENTIAL

zt4z

44

m Ww

STATIC V

FT- 8 F iic a2 .jn C m ostinB nag 13"C ve Pae'b-i NV & h p- h r,,Jt
COFIENIA



CONFIDENTIALI

7, 777

MI a

-~ - ~4k-ii -

2

FI . 1. .rito of a 2" Lon Co paii. ..hrg .I Coe Plt an -" -End---

C- l'ing Plate) by an M9AI Shaped Charge Jet.

CONFIDENTIAL



Iul

Ul-

0.

Z 4

ou.tA

I A11NIaiZFI ~S HW%

40~

5 S ~1NO±VLINIF3NJOHSI %

~I3A O............



w cw

o 00

0 d3

0 ui

GIi

0NOLLVlL.IM 8:300 HOIH .40 3E)VINI30d

-7 owIM";I
- -7ý14



z4 w

0-0

U..

424

-97

0 74,



DISTRIBUTION LIST

No. of .1o. of
Cpes Organlzation Copies Organization

Chief of Ordnrance 2 Commander
Department of the A-my N!aval Ordnance Test Station
Washington 25, D. China Lake, Caliiornia
Attn- ORDrB - Ba! 1.ac Attn: Tcchnical Library

I U. S. Naval Explosive Ord.
±sAposal Technical. Center

U. S. Naval Pc,:der Factory
Indian Head, Maryland

10 British JZlat Services Attn: Army Liaison Office
-Mission

1800 K Street, N. W. 2 Commander
Washington 6, D.,. C. *aval Proving Ground
Attn: Mr. John Izzard, Dahlgren, Virginia

Reports Officer
Of interest to: 1 Coj-nding Officer and

W. E. Soper Director
H. J. Jazr4s Naval Research Laboratory
J. Lyall Wa±shington 25, D. C.

Attn: Tech. Information Div.8 Canadira Army Staff
24 50 •4assach-iet.ts Ave., 1 Los Alamos Scientific Lab.

N. W. P.O. Box 1663
Washington 8, D. C. Los Alamos, New Mexico
Of interest to: Of interest to:

R. F. Wilkinsc- D. P. MacDougall
Edward Greenwood
W. B. k.1-Kay 5 Director
MaJ. J. M. Seldon Armed Services Technical
Mr. R. W. Foster Information Agency
Dr. G. V. Ball Doc-=-ents 1qr.i-ce Cent.r
Dr. A. L. Wright Knott Building

Duyton e, Ohio
3 Chief, Bureau of Ordnance Attn: DCS - SA

Department of the Navy
Washington 253, D. C. I Reference Department
Attn: Re3 Technical Information Div.
Of interest to: Library of Congress

Re 2c - Mr. J. S. Washington 2", D. '.

McCorkle Attn: Dr. Clement R. Prown,-am4, PiblioL;.e--•'

3 Commazder Section
rnval Ordnance Lab.
Whlte Oak 2 Atomic Enerr7 Coommission
Silv.er Spr .:; 19, Maryland 1901 Constituticn Avenue
Of interest to: Washiitgton 25, D. C.

Dr. S. J. Jacobs Attn: vivision of Militnry
Applicatiozs

43



DIS1MIBtrIos LiST

140. of
C10.iof OrganizatiOu Copiesg Organi 2ation

c~ k i s -3 q a wb A S fl V & e n e r al

2 Bureau Of~ Min" eijyAe*.&
4800o porbes StreetDoev Jry

Fittasbirgh 13, PLns1V' Attn: 11~ev er

Attn. Chief,#x3O±~ n tn AsmuC' Fitio AbF

PhysicLl. Scienco's Div. 'it~lLb'

Cco8j~diflC Of fictr 2 Cocmadflins General1
'2 Redstone Ar-senal

Centr Lie.-MlcbganAttu- Technical Librb.17

of interest to: M.Wd vr

M4r. C. B. Bai1ter

2 Coiand ~ ~ ~ ~oflg Og fficer . Ca6i8ffle

'Diswnd Ordsans* Iu wgtert*o3 hsel

LaboratoriesWt~O~ 
~scu~t

Connlecticut Ave. at Van fless
St., 4W 1 comandtn( officer

VahfStO~ 5. C.1 Cb.U±CA1 corps Cbe3±CSe1 &

Atta: ordZ*ncq LeVOZ10" AM Chmid al LCbOnttOr t
AraabaratcCete, rY

Cca5Adfl8Genral2 
Chief of Sagineers

Fr ss wufOdi General Departm ent of tba A caij

p ra± kfod'~ P ± T Ar enal 3~ 5 li Mashif gto2 25, D. C.

of interest to: minel VC1F

Mr. H. S. Lipinskieierf~e3r.c

and.~in5.i officer 
Comanfding officer

Rolston Ordnance Works Lab±1ate jeorch&DY1~~

K i g p O t T e n n e s " 0 0 Jr r B e v i . V i u u

2 Commnding8 General Attfl T chiclTt ne1

Urdnwi~ce Aumun1tibf Contend
Jo'.-it, Illinois IA.tu .Uts n

At : OpRDLYI-A 1 V 5 Memorial );rlv;e

L t. -A -A Ja S . ~C 4=b~rid P 42, amassahu~ett s

Lt. J am es Jan A tt u: D r. W. C . L othz" oP

Coiaanding Generel TIRO Depto Cbdnanf

Ordnance twgOGPZ Cctwfl& Bosatol ttjy 1ne

RrcCisland, Illinois fso.1sI
4t~tn: i3esear'ch branch 

-10~r 0,£~3.

~44



\I

DISTRIBUTION LIST

No. of

No. of . oranzation
Organization COPIE S

SAero.et-General Corr. 
2 Firestone Tir-e wd 

-ubber

Azusa, California Co.

of interest to: Akron 17, Ohio

Mr. Guy C. Throner, Of intereat to:

Chief Explosive Ord. Dr. E. W. Ford
Section Dr. Hu_,h Winn

Dr. Louis Zernow
THRU: Deputy Chie:

T•:" DL. .rict Chief Cleveland OrdnanceDi,ý ict hiefDistrict
Los Angeles Ordnance i stri ct

District 1l67 East sixth St.

55 South Grand Ave. ('lveland 14, Ohio

Pasadena 2, California

Carnegie Institute of Tecbnology
pittsburgh, Pennsylvania 1 Michigan State College
Attn: Dr. Z..M. Pugh East Lansing, Michigan

Of irteremt to:
TBRU: Deputy Chief Mr. Philip J. Baker

pittsburgh Ordnance Distr. 409 Olds Hall

200 Fourth Ave.
Pittsburgh 22, Pa. THRU: Commanding Officer

C Detroit Arsenel

1 CONVAIR 28251 'tan Dyke Ave.

A Diviaion of (Cneral center Line, Michigan.

Dynamics Corp.
P. 0. Box 1950 Director, Project RAND

san Diego 12, California Department of the Air vorce

Attn: Mrs. Dora B. Burke, 1700 Main St.
Librarian Santa Monica, California

of interest to: Of interest to:
Sylvan Katz Dr. J. U.

THRU: Thc Burmr. M. R. And=rs,-n,

Aeronautics Rcpresentative Librarian
CO1NVATR
San Diego 12, Califor-ni•u

1 Stanford R .sarch Institut'"
Stanford, California
of! Inttrest to:

Dr. T. C. Pou.Xter

THRU: Depu.y Chief
San Francisco Distr.
Oakland Amy Bae
Oakland 14, Californiu

ST........................



IM~

UNCLASSIFIED

DISMIB~fION LIST

No. of
'CopiesOrganizatiol

;3y.LvafliaS lectri PrOduwts Coi.
Missile Syateza '-aboxatorY
Bayside, L. 7 T Y* S

of interest to:
Mr. prank pr'cpftfi

THRU: Deputy Chief
Noev York Crbmance !X'.Q:Ict
180 Varic:k. Svre tt
NewvYork.

University of U~Ah
Depatinsrt Of PIW1icsiC,Blg26
gait Lake City,- 'Jtsh
of interest to:

Dr. Melvin A. Cook

TMU: Cowaandtig1 Officer
Office Q! Naval Resiearch
Branch O0-ficQ,
1000 Gerby St.
San 7ranIscCO 9, CsliforU.&! ,

D.L. H. Thomas'
Watson Bcientif LC Cmpiitiing Lab.
622 West,116th 3treet
New York 27, NeIYor~k

U111

-. -:.-- - --- " l


